
BSM Benchmarks for Muon Colliders: IV

Rodolfo Capdevilla 
Fermilab

Muon Collider Physics Benchmarks Workshop 
PITT PACC - University of Pittsburgh

Nov 17, 2023

RC, Federico Meloni, Jose Zurita, ArXiv: 2312.xxxxx 
RC, Federico Meloni, Rosa Simoniello, Jose Zurita, JHEP 06 (2021) 133

Federico 
Meloni, DESY

Rosa Simoniello, 
CERN

Jose Zurita, 
U. Valencia



Can we identify BSM motivated 

scenarios with exotic signals that 

can have implications in detector 

and accelerator/facility design?
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Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>
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<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>
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<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>
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<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>
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<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>
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<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0

RC, F. Meloni, R. Simoniello, J. Zurita, 
JHEP 06 (2021) 133

<latexit sha1_base64="B65U/Mea2vepvm2bmoZFSzYOQJo=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIzHxBLvGqEeiF4+YyCPAhvQOszBhZnYzM2tCCH/hxYPGePVvvPk3DrAHBSvppFLVne6uMOFMG8/7dnJr6xubW/ntws7u3v5B8fCooeNUEVonMY9VK0RNOZO0bpjhtJUoiiLktBmO7mZ+84kqzWL5aMYJDQQOJIsYQWOldneAQmClXWn2iiWv7M3hrhI/IyXIUOsVv7r9mKSCSkM4at3xvcQEE1SGEU6nhW6qaYJkhAPasVSioDqYzC+eumdW6btRrGxJ487V3xMTFFqPRWg7BZqhXvZm4n9eJzXRTTBhMkkNlWSxKEq5a2J39r7bZ4oSw8eWIFHM3uqSISokxoZUsCH4yy+vksZF2b8qew+XpeptFkceTuAUzsGHa6jCPdSgDgQkPMMrvDnaeXHenY9Fa87JZo7hD5zPH8IbkFE=</latexit> �/
Z
/W

<latexit sha1_base64="NkEg4Qv5u7yI2iFAs4bohi5SV+4=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMh81hmZoWw5Bu8eFDEqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1klh+7Gbil6l6tf8GdAyCQpShQKNXuWr21ckE1RawrExncBPbZRjbRnhdFLuZoammIzwgHYclVhQE+WzYyfo1Cl9lCjtSlo0U39P5FgYMxax6xTYDs2iNxX/8zqZTa6jnMk0s1SS+aIk48gqNP0c9ZmmxPKxI5ho5m5FZIg1JtblU3YhBIsvL5PmeS24rPn3F9X6TRFHCY7hBM4ggCuowx00IAQCDJ7hFd486b14797HvHXFK2aO4A+8zx+3po6g</latexit>

X± <latexit sha1_base64="6SuyIQV7mmtQ/fw/RKd4zZ8ppr4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSffvR7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHZfo2D</latexit>

X0

Rodolfo Capdevilla, Fermilab
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<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0

Can be useful for: 

DT Beyond Minimal WIMPs: 

- Coannihilation Scenarios (small mass gaps) 
- Freeze-In scenarios with low T reheat (small couplings) 

B-mesons: 

- Potential backgrounds for DT searches 
- Flavor physics

RC, F. Meloni, R. Simoniello, J. Zurita, 
JHEP 06 (2021) 133

<latexit sha1_base64="B65U/Mea2vepvm2bmoZFSzYOQJo=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIzHxBLvGqEeiF4+YyCPAhvQOszBhZnYzM2tCCH/hxYPGePVvvPk3DrAHBSvppFLVne6uMOFMG8/7dnJr6xubW/ntws7u3v5B8fCooeNUEVonMY9VK0RNOZO0bpjhtJUoiiLktBmO7mZ+84kqzWL5aMYJDQQOJIsYQWOldneAQmClXWn2iiWv7M3hrhI/IyXIUOsVv7r9mKSCSkM4at3xvcQEE1SGEU6nhW6qaYJkhAPasVSioDqYzC+eumdW6btRrGxJ487V3xMTFFqPRWg7BZqhXvZm4n9eJzXRTTBhMkkNlWSxKEq5a2J39r7bZ4oSw8eWIFHM3uqSISokxoZUsCH4yy+vksZF2b8qew+XpeptFkceTuAUzsGHa6jCPdSgDgQkPMMrvDnaeXHenY9Fa87JZo7hD5zPH8IbkFE=</latexit> �/
Z
/W

<latexit sha1_base64="NkEg4Qv5u7yI2iFAs4bohi5SV+4=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMh81hmZoWw5Bu8eFDEqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1klh+7Gbil6l6tf8GdAyCQpShQKNXuWr21ckE1RawrExncBPbZRjbRnhdFLuZoammIzwgHYclVhQE+WzYyfo1Cl9lCjtSlo0U39P5FgYMxax6xTYDs2iNxX/8zqZTa6jnMk0s1SS+aIk48gqNP0c9ZmmxPKxI5ho5m5FZIg1JtblU3YhBIsvL5PmeS24rPn3F9X6TRFHCY7hBM4ggCuowx00IAQCDJ7hFd486b14797HvHXFK2aO4A+8zx+3po6g</latexit>

X± <latexit sha1_base64="6SuyIQV7mmtQ/fw/RKd4zZ8ppr4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSffvR7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHZfo2D</latexit>

X0

Rodolfo Capdevilla, Fermilab
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<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0

At the MuC?

Can be useful for: 

Sleptons, Heavy Neutral Leptons, Neutralinos

ATLAS Collaboration, Phys. Lett. B 846 (2023) 138172

Rodolfo Capdevilla, Fermilab



Motivation Theoretical 
scenario

Candidate 
particle(s)

Exotic 
Signals

Exotic tracks

Exotics

SM+singlet

2HDM

New gauge 
groups

VLF

HNL

Leptoquarks (UV motivated)

Quirks
(bound states) 

x

Hidden 
valleys x

Hierarchy 
problem

SUSY
(colored)

(not colored) x

Composite

Extra 
dimensions

Neutral 
naturalness

Glueballs, 
sQuirks x

DM

Z portal EWikinos-like 
(inelastic) x

H portal (Z2 symmetric)

Nu portal

U(1) portal

<latexit sha1_base64="gdkPXx1hM4qKO+5zX666mHiW2k4=">AAAB+HicbVDLTgIxFL2DL8QHoy7dNBITF4TMGKMuUTcsMZFHwgykUzrQ0M5M2o4JEr7EjQuNceunuPNvLDALBU9yb07OuTe9PUHCmdKO823l1tY3Nrfy24Wd3b39on1w2FRxKgltkJjHsh1gRTmLaEMzzWk7kRSLgNNWMLqb+a1HKhWLowc9Tqgv8CBiISNYG6lnF2tdLxFlr1zrOqbf9OySU3HmQKvEzUgJMtR79pfXj0kqaKQJx0p1XCfR/gRLzQin04KXKppgMsID2jE0woIqfzI/fIpOjdJHYSxNRRrN1d8bEyyUGovATAqsh2rZm4n/eZ1Uh9f+hEVJqmlEFg+FKUc6RrMUUJ9JSjQfG4KJZOZWRIZYYqJNVgUTgrv85VXSPK+4lxXn/qJUvc3iyMMxnMAZuHAFVahBHRpAIIVneIU368l6sd6tj8Vozsp2juAPrM8fb0eRpA==</latexit>

H
±
, H

0
, A

<latexit sha1_base64="CT+cvA1/o2R56/ZkwOGDwwXKFqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7se75UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3oXVff+vFK7zuMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w8iOo2z</latexit>

Ni

<latexit sha1_base64="VO+JlbVZetXNLIhe3dEcTJKRbX0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwUEpSRD0WvXisYtpCE8Jms2mXbj7Y3Sil9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcaZVJb1baysrq1vbJa2yts7u3v7ZuWgLdNcEOqQlKeiG2BJOUuoo5jitJsJiuOA004wvJ76nQcqJEuTezXKqBfjfsIiRrDSkm9WXMV4SNGd36i5NeT4tm9Wrbo1A1omdkGqUKDlm19umJI8pokiHEvZs61MeWMsFCOcTspuLmmGyRD3aU/TBMdUeuPZ6RN0opUQRanQlSg0U39PjHEs5SgOdGeM1UAuelPxP6+Xq+jSG7MkyxVNyHxRlHOkUjTNAYVMUKL4SBNMBNO3IjLAAhOl0yrrEOzFl5dJu1G3z+vW7Vm1eVXEUYIjOIZTsOECmnADLXCAwCM8wyu8GU/Gi/FufMxbV4xi5hD+wPj8AfuSkoQ=</latexit>

R̃2, U1

<latexit sha1_base64="JQlTFtrgT9moPxxxlwVXO4Q088c=">AAACB3icbZDLSsNAFIYn9VbrLepSkGARXEhJRNRl0Y3LCvYCbSiTyaQdOpnEmROhhOzc+CpuXCji1ldw59s4aYNo6w8DH/85hzPn92LOFNj2l1FaWFxaXimvVtbWNza3zO2dlooSSWiTRDySHQ8rypmgTWDAaSeWFIcep21vdJXX2/dUKhaJWxjH1A3xQLCAEQza6pv7PWDcpylkxwXd/dAgq/TNql2zJ7LmwSmgigo1+uZnz49IElIBhGOluo4dg5tiCYxwmlV6iaIxJiM8oF2NAodUuenkjsw61I5vBZHUT4A1cX9PpDhUahx6ujPEMFSztdz8r9ZNILhwUybiBKgg00VBwi2IrDwUy2eSEuBjDZhIpv9qkSGWmICOLg/BmT15HlonNeesZt+cVuuXRRxltIcO0BFy0Dmqo2vUQE1E0AN6Qi/o1Xg0no03433aWjKKmV30R8bHN423mbw=</latexit>

t̃, q̃, g̃

<latexit sha1_base64="+1UpMYUzFwkc5pCluC39NEpJFY8=">AAACCnicbZDLSsNAFIYnXmu9RV26iRbBhZRERF0W3bisYC/QxDKZTNqhM0mYORFKyNqNr+LGhSJufQJ3vo2TNgtt/WHg4z/ncOb8fsKZAtv+NhYWl5ZXVitr1fWNza1tc2e3reJUEtoiMY9l18eKchbRFjDgtJtIioXPaccfXRf1zgOVisXRHYwT6gk8iFjICAZt9c0DlwzZfeYmIj+Zoq0BGA9o5gJO82rfrNl1eyJrHpwSaqhUs29+uUFMUkEjIBwr1XPsBLwMS2CE07zqpoommIzwgPY0RlhQ5WWTU3LrSDuBFcZSvwisift7IsNCqbHwdafAMFSztcL8r9ZLIbz0MhYlKdCITBeFKbcgtopcrIBJSoCPNWAimf6rRYZYYgI6vSIEZ/bkeWif1p3zun17VmtclXFU0D46RMfIQReogW5QE7UQQY/oGb2iN+PJeDHejY9p64JRzuyhPzI+fwBBapqd</latexit>

�±,�0, ⌧̃

<latexit sha1_base64="JPSENwE/HixChOp9DhnDdLcUn/w=">AAAB+HicbVDLTsMwENyUVymPBjhysaiQOKCSlOexggvHIvUltVHkuG5r1XEi20EqUb+ECwcQ4sqncONvcNscoGWk1Y5mduX1BDFnSjvOt5VbWV1b38hvFra2d3aL9t5+U0WJJLRBIh7JdoAV5UzQhmaa03YsKQ4DTlvB6G7qtx6pVCwSdT2OqRfigWB9RrA2km8X2356eXY+Oa37acV03y45ZWcGtEzcjJQgQ823v7q9iCQhFZpwrFTHdWLtpVhqRjidFLqJojEmIzygHUMFDqny0tnhE3RslB7qR9KU0Gim/t5IcajUOAzMZIj1UC16U/E/r5Po/o2XMhEnmgoyf6ifcKQjNE0B9ZikRPOxIZhIZm5FZIglJtpkVTAhuItfXibNStm9KjsPF6XqbRZHHg7hCE7AhWuowj3UoAEEEniGV3iznqwX6936mI/mrGznAP7A+vwB7P6R9w==</latexit>

X5/3, T2/3

<latexit sha1_base64="I/pFCCeu6PMUewl/UPoC6JEMZ7A=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoPEIoQ7EbUM2lhYJGA+IDnC3mYvWbK7d+zuCeHIj7CxUMTW32Pnv3GTXKGJDwYe780wMy+IOdPGdb+d3Nr6xuZWfruws7u3f1A8PGrpKFGENknEI9UJsKacSdo0zHDaiRXFIuC0HYzvZn77iSrNIvloJjH1BR5KFjKCjZXajXKlV3ko94slt+rOgVaJl5ESZKj3i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/d4rOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4Y2fMhknhkqyWBQmHJkIzX5HA6YoMXxiCSaK2VsRGWGFibEJFWwI3vLLq6R1UfWuqm7jslS7zeLIwwmcwjl4cA01uIc6NIHAGJ7hFd6c2Hlx3p2PRWvOyWaO4Q+czx+Jr45k</latexit>

Q0, L0

<latexit sha1_base64="DjPyfvI1dphOa8RHTp1+Kgee0jg=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCp7Iroh6LHhR6qWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKRzdTv/VElWZSPJhxQoMYDwSLGMHGSs3bXlarTXpu2at4M6Bl4uekDDnqPfer25ckjakwhGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKnBMdZDNrp2gE6v0USSVLWHQTP09keFY63Ec2s4Ym6Fe9Kbif14nNdFVkDGRpIYKMl8UpRwZiaavoz5TlBg+tgQTxeytiAyxwsTYgEo2BH/x5WXSPKv4FxXv/rxcvc7jKMIRHMMp+HAJVbiDOjSAwCM8wyu8OdJ5cd6dj3lrwclnDuEPnM8fRsSO7w==</latexit>

GKK

<latexit sha1_base64="x3TWtS2Bceor7Rd0UYBPFAQvJGU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68dii/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDr8uM3A==</latexit>

S

<latexit sha1_base64="asIWIKiRf7u3j3kvzJSSYmEF4O4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76msb/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27qrsPl7XGbRFHGU7gFM7Bg2towD00wQcGAp7hFd4c5bw4787HorXkFDPH8AfO5w/rj47C</latexit>⌫s
<latexit sha1_base64="e5OluIRxaSsjDpHYXWJxBBDIY2g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHiyJiHos9eLBQwXTFtoQNtttu3azCbubQgn9J148KOLVf+LNf+O2zUGrDwYe780wMy9MOFPacb6swsrq2vpGcbO0tb2zu2fvHzRVnEpCPRLzWLZDrChngnqaaU7biaQ4CjlthaObmd8aU6lYLB70JKF+hAeC9RnB2kiBbXsV9zTI6md3ATP1OA3sslN15kB/iZuTMuRoBPZntxeTNKJCE46V6rhOov0MS80Ip9NSN1U0wWSEB7RjqMARVX42v3yKTozSQ/1YmhIazdWfExmOlJpEoemMsB6qZW8m/ud1Ut2/9jMmklRTQRaL+ilHOkazGFCPSUo0nxiCiWTmVkSGWGKiTVglE4K7/PJf0jyvupdV5/6iXKvncRThCI6hAi5cQQ1uoQEeEBjDE7zAq5VZz9ab9b5oLVj5zCH8gvXxDXYvkkM=</latexit>

U(1)B�Li�Lj

<latexit sha1_base64="YvhyWxMiFujrdBWyS2uyuVQHDlQ=">AAAB8XicbVDLTgJBEOz1ifhCPXqZSAyeyK4x6pHoxSMm8oiwIb3DABNmZ5eZWROy4S+8eNAYr/6NN//GAfagYCWdVKq6090VxIJr47rfzsrq2vrGZm4rv72zu7dfODis6yhRlNVoJCLVDFAzwSWrGW4Ea8aKYRgI1giGt1O/8cSU5pF8MOOY+SH2Je9xisZKj6NSO0CVjialTqHolt0ZyDLxMlKEDNVO4avdjWgSMmmoQK1bnhsbP0VlOBVskm8nmsVIh9hnLUslhkz76eziCTm1Spf0ImVLGjJTf0+kGGo9DgPbGaIZ6EVvKv7ntRLTu/ZTLuPEMEnni3qJICYi0/dJlytGjRhbglRxeyuhA1RIjQ0pb0PwFl9eJvXzsndZdu8vipWbLI4cHMMJnIEHV1CBO6hCDShIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAzlpCc</latexit>

q0q̄0

<latexit sha1_base64="3/qhL+kyVyzrHzh8xrqKV1WBfHw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBapp5KIqMeiF48V7Ae0oWy2m3Tp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gscSRYygk0uRfWoPqzW3IY7B1olXkFqUKA1rH4NRjFJBZWGcKx133MT42dYGUY4nVUGqaYJJhMc0b6lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2Y73s5eJ/Xj814Y2fMZmkhkqyWBSmHJkY5Y+jEVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5aHhXDffhsta8LeIowwmcwjl4cA1NuIcWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w9RKY3D</latexit>

g0g0

<latexit sha1_base64="bYdYy3xDGBNswQWoy8aScO7WA+I=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5RERD0WvXisaD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaWV1b3yhvVra2d3b33P2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Db3209UaRbLRzNJaCDwULKIEWxy6eEM4b5b9WreDGiZ+AWpQoFG3/3qDWKSCioN4Vjrru8lJsiwMoxwOq30Uk0TTMZ4SLuWSiyoDrLZrVN0YpUBimJlSxo0U39PZFhoPRGh7RTYjPSil4v/ed3URNdBxmSSGirJfFGUcmRilD+OBkxRYvjEEkwUs7ciMsIKE2PjqdgQ/MWXl0nrvOZf1rz7i2r9poijDEdwDKfgwxXU4Q4a0AQCI3iGV3hzhPPivDsf89aSU8wcwh84nz8mQI2n</latexit>

S, a

<latexit sha1_base64="LHALclKubh/8eKUFjaKUXF3Uums=">AAAB+HicbVBNSwMxEJ2tX7V+dNWjl2CRepCyK6Iei148VrAf2JaSTbNtaJJdkqxQl/4SLx4U8epP8ea/MW33oK0PBh7vzTAzL4g508bzvp3cyura+kZ+s7C1vbNbdPf2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Go5up33ykSrNI3ptxTLsCDyQLGcHGSj23+FA+RU1bnQEWApd7bsmreDOgZeJnpAQZaj33q9OPSCKoNIRjrdu+F5tuipVhhNNJoZNoGmMywgPatlRiQXU3nR0+QcdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vnZjwqpsyGSeGSjJfFCYcmQhNU0B9pigxfGwJJorZWxEZYoWJsVkVbAj+4svLpHFW8S8q3t15qXqdxZGHQziCE/DhEqpwCzWoA4EEnuEV3pwn58V5dz7mrTknmzmAP3A+fwAE6pFj</latexit>

Z 0,W 0, �0

Scientists report that the 3 TeV MuC has the potential to discover the 
thermal Higgsino-like Minimal WIMP! 

The key is to reconstruct the soft tracks (ST) that come from the decay 
of the corresponding chargino. 

These findings suggest that the 3 TeV MuC is not only a stage towards 
the 10 TeV machine, but it is also a powerful discovery machine.

<latexit sha1_base64="B65U/Mea2vepvm2bmoZFSzYOQJo=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIzHxBLvGqEeiF4+YyCPAhvQOszBhZnYzM2tCCH/hxYPGePVvvPk3DrAHBSvppFLVne6uMOFMG8/7dnJr6xubW/ntws7u3v5B8fCooeNUEVonMY9VK0RNOZO0bpjhtJUoiiLktBmO7mZ+84kqzWL5aMYJDQQOJIsYQWOldneAQmClXWn2iiWv7M3hrhI/IyXIUOsVv7r9mKSCSkM4at3xvcQEE1SGEU6nhW6qaYJkhAPasVSioDqYzC+eumdW6btRrGxJ487V3xMTFFqPRWg7BZqhXvZm4n9eJzXRTTBhMkkNlWSxKEq5a2J39r7bZ4oSw8eWIFHM3uqSISokxoZUsCH4yy+vksZF2b8qew+XpeptFkceTuAUzsGHa6jCPdSgDgQkPMMrvDnaeXHenY9Fa87JZo7hD5zPH8IbkFE=</latexit> �/
Z
/W

<latexit sha1_base64="NkEg4Qv5u7yI2iFAs4bohi5SV+4=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMh81hmZoWw5Bu8eFDEqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1klh+7Gbil6l6tf8GdAyCQpShQKNXuWr21ckE1RawrExncBPbZRjbRnhdFLuZoammIzwgHYclVhQE+WzYyfo1Cl9lCjtSlo0U39P5FgYMxax6xTYDs2iNxX/8zqZTa6jnMk0s1SS+aIk48gqNP0c9ZmmxPKxI5ho5m5FZIg1JtblU3YhBIsvL5PmeS24rPn3F9X6TRFHCY7hBM4ggCuowx00IAQCDJ7hFd486b14797HvHXFK2aO4A+8zx+3po6g</latexit>

X± <latexit sha1_base64="6SuyIQV7mmtQ/fw/RKd4zZ8ppr4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTSffvR7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHZfo2D</latexit>

X0

<latexit sha1_base64="xNXDyoeUp8kBxyxdOXS9MICO+pI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jFiXpAsYXYym4yZxzIzK4Ql/+DFgyJe/R9v/o2TZA+aWNBQVHXT3RUlnBnr+9/eyura+sZmYau4vbO7t186OGwalWpCG0RxpdsRNpQzSRuWWU7biaZYRJy2otHt1G89UW2YknU7Tmgo8ECymBFsndTsaoEe6r1S2a/4M6BlEuSkDDlqvdJXt69IKqi0hGNjOoGf2DDD2jLC6aTYTQ1NMBnhAe04KrGgJsxm107QqVP6KFbalbRopv6eyLAwZiwi1ymwHZpFbyr+53VSG1+HGZNJaqkk80VxypFVaPo66jNNieVjRzDRzN2KyBBrTKwLqOhCCBZfXibN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQQMIPMIzvMKbp7wX7937mLeuePnMEfyB9/kD+yqOvQ==</latexit>

ST

Good News!!!

3 TeV

Rodolfo Capdevilla, Fermilab
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3. Soft Tracks


• Signal Regions


• Background Determination


4. Results


• The Importance of the 3TeV MuC!


5. Discussion/Summary

Rodolfo Capdevilla, Fermilab
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1. Introduction
• Pillars for the Energy Frontier:

Rodolfo Capdevilla, Fermilab

From Patrick Meade’s talks!

Higgs: 

Is there a more fundamental description of EWSB? 
What mechanism sets the scale and stabilizes the 
Higgs mass? 
… 

BSM: 

What is the nature of Dark Matter? 
What is the mechanism for Baryogenesis? 
What is the mechanism for neutrino masses? 
The unknown! How can nature surprise us? 
…
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• MuC strong candidate for both:

Rodolfo Capdevilla, Fermilab

Higgs/Precision

1. Introduction

BSM/Unknown
H. Al Ali et al., Muon Smasher’s guide + Delphes

H. Al Ali et al., Muon Smasher’s guide

D. Buttazzo, 
R. Franceschini, 
A. Wulzer, 
JHEP 05 (2021) 219

R. K. Ellis et al., 
arXiv:1910.11775
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Dark Matter

Hierarchy 
Problem Neutrino 

Mass

Baryogenesis

…
Minimal 
WIMPs

2. Minimal WIMPs
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2. Minimal WIMPs

EW multiplets

<latexit sha1_base64="DtZY3c0qXlYffwfqwLyBdscU1lg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwFgjjc=</latexit>�

<latexit sha1_base64="DtZY3c0qXlYffwfqwLyBdscU1lg=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9K6a7sNlo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwFgjjc=</latexit>�

<latexit sha1_base64="m/TFKz8/RiEgV24Qq6WuOTt+Z7Q=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Vj04kWoaD+gXUo2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RkvLK6tr64WN4ubW9s5uaW+/YeJUU1ansYh1KySGCa5Y3XIrWCvRjMhQsGY4vJ74zSemDY/Vgx0lLJCkr3jEKbFOamUdLfH97bhbKnsVbwq8SPyclCFHrVv66vRimkqmLBXEmLbvJTbIiLacCjYudlLDEkKHpM/ajioimQmy6b1jfOyUHo5i7UpZPFV/T2REGjOSoeuUxA7MvDcR//PaqY0ug4yrJLVM0dmiKBXYxnjyPO5xzagVI0cI1dzdiumAaEKti6joQvDnX14kjdOKf17x7s7K1as8jgIcwhGcgA8XUIUbqEEdKAh4hld4Q4/oBb2jj1nrEspnDuAP0OcPt8KPwg==</latexit>

SM

<latexit sha1_base64="m/TFKz8/RiEgV24Qq6WuOTt+Z7Q=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Vj04kWoaD+gXUo2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RkvLK6tr64WN4ubW9s5uaW+/YeJUU1ansYh1KySGCa5Y3XIrWCvRjMhQsGY4vJ74zSemDY/Vgx0lLJCkr3jEKbFOamUdLfH97bhbKnsVbwq8SPyclCFHrVv66vRimkqmLBXEmLbvJTbIiLacCjYudlLDEkKHpM/ajioimQmy6b1jfOyUHo5i7UpZPFV/T2REGjOSoeuUxA7MvDcR//PaqY0ug4yrJLVM0dmiKBXYxnjyPO5xzagVI0cI1dzdiumAaEKti6joQvDnX14kjdOKf17x7s7K1as8jgIcwhGcgA8XUIUbqEEdKAh4hld4Q4/oBb2jj1nrEspnDuAP0OcPt8KPwg==</latexit>

SM
Z portal

<latexit sha1_base64="A1AMxZLwwlvgs6pT583uRFFCN7Q=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/cA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDumeM4w==</latexit>

Z

<latexit sha1_base64="iwn9YpxExu4l+KpT7HXosQNGEFE="></latexit>

�
H̃

=

✓
�+
H̃

�0
H̃

◆

<latexit sha1_base64="+LDFXPvE/gzJpZpaVPHtJswaq/c="></latexit>

�W̃ =

✓
�0
W̃

��
W̃

�+
W̃

��0
W̃

◆

<latexit sha1_base64="MmDLHludcc2Myg7vquEecHt9iOY=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5UUBIwVLAwMRZC2qI0ix3Vaq44T2Q5SFfUHWPgVFgYQYmVn429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGSUCEwcHLFItHwkCaOcOIoqRlqxICj0GWn6g4ux37wnQtKI36phTNwQ9TgNKEZKS555cOOUjsoehh1FQyKhLqtl7+qndEp22bvzzKJVsSaA88TOSBFkqHvmZ6cb4SQkXGGGpGzbVqzcFAlFMSOjQieRJEZ4gHqkrSlHepebTq4ZwUOtdGEQCf24ghP190SKQimHoa87Q6T6ctYbi/957UQFZ25KeZwowvF0UZAwqCI4jgZ2qSBYsaEmCAuq/wpxHwmElQ6woEOwZ0+eJ41qxT6pWNfHxdp5Fkce7IF9UAI2OAU1cAnqwAEYPIAn8AJejUfj2Xgz3qetOSOb2QV/YHx8A9xHmOc=</latexit>

SU(3)c ⇥ SU(2)L ⇥ U(1)Y

Higgsino-like

Wino-like

Inelastic!

Neutral component = DM

<latexit sha1_base64="66Z/XIKkgKQojhoEHeBO5kekBNw=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksQgUpiYq6LLpxWcFeoA1lMp20QyeTMDMRSij4Km5cKOLW53Dn2zhNs9DWHwY+/nMO58zvx5wp7TjfVmFpeWV1rbhe2tjc2t6xd/eaKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vJHt9N665FKxSLxoMcx9UI8ECxgBGtj9eyDStr1A+ROTlEG5wack55ddqpOJrQIbg5lyFXv2V/dfkSSkApNOFaq4zqx9lIsNSOcTkrdRNEYkxEe0I5BgUOqvDQ7f4KOjdNHQSTNExpl7u+JFIdKjUPfdIZYD9V8bWr+V+skOrj2UibiRFNBZouChCMdoWkWqM8kJZqPDWAimbkVkSGWmGiTWMmE4M5/eRGaZ1X3surcX5RrN3kcRTiEI6iAC1dQgzuoQwMIpPAMr/BmPVkv1rv1MWstWPnMPvyR9fkD1j+Tdw==</latexit>

(1,3, 0)

<latexit sha1_base64="IS0R6Ncyh8XHwqcafcIA5VkZYwg=">AAACAHicbZDLSsNAFIZPvNZ6i7pw4WawCBWkJkXUZdGNywr2Am0ok+mkHTqZhJmJUEI2voobF4q49THc+TZO0y609YeBj/+cw5nz+zFnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o9tJvfVIpWKReNDjmHohHggWMIK1sXr2YTnt+gFyszOUQ9WAe1497dklp+LkQovgzqAEM9V79le3H5EkpEITjpXquE6svRRLzQinWbGbKBpjMsID2jEocEiVl+YHZOjEOH0URNI8oVHu/p5IcajUOPRNZ4j1UM3XJuZ/tU6ig2svZSJONBVkuihIONIRmqSB+kxSovnYACaSmb8iMsQSE20yK5oQ3PmTF6FZrbiXFef+olS7mcVRgCM4hjK4cAU1uIM6NIBABs/wCm/Wk/VivVsf09YlazZzAH9kff4Av86T7A==</latexit>

(1,2, 1/2)

• Properties:

<latexit sha1_base64="6BaJBAcdKZbtSs2GueYVHxsU34o="></latexit>0

@
�+
W̃

�0
W̃

��
W̃

1

A
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2. Minimal WIMPs
<latexit sha1_base64="lj7tSUS40gTLCH21p35NjqzNAtw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0URxJKIqBulqAuXFewDmhgm00k7dCYJMxOhhPyBG3/FjQtF3Lp15984bYNo64ELZ865l7n3+DGjUlnWl1GYmZ2bXygulpaWV1bXzPWNhowSgUkdRywSLR9JwmhI6ooqRlqxIIj7jDT9/uXQb94TIWkU3qpBTFyOuiENKEZKS56561wRphDk8AxyL3Vwj97tZ/Dg52Fl8Bxanlm2KtYIcJrYOSmDHDXP/HQ6EU44CRVmSMq2bcXKTZFQFDOSlZxEkhjhPuqStqYh4kS66eieDO5opQODSOgKFRypvydSxKUccF93cqR6ctIbiv957UQFp25KwzhRJMTjj4KEQRXBYTiwQwXBig00QVhQvSvEPSQQVjrCkg7Bnjx5mjQOK/Zxxbo5Klcv8jiKYAtsgz1ggxNQBdegBuoAgwfwBF7Aq/FoPBtvxvu4tWDkM5vgD4yPb2DMmlY=</latexit>

�m = m�+ �m�0 > 0

R. Mahbubani, P. Schwaller, J. Zurita, JHEP 06 (2017) 119

• Properties:

Small mass splitting 
(from loops)

Soft pions 
Soft muons 
Soft electrons

Soft Tracks (ST)=

Long lifetime 
Disappearing Tracks 

Soft Tracks
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2. Minimal WIMPs

• Projections:

Discovery potential 
from DT

RC, F. Meloni, R. Simoniello, J. Zurita, JHEP 06 (2021) 133
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2. Minimal WIMPs

• Projections:

Not clear discovery 
potential…

RC, F. Meloni, R. Simoniello, J. Zurita, JHEP 06 (2021) 133
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3. Soft Tracks 

• Signal Regions 

• Background Determination 

4. Results


• The Importance of the 3TeV MuC!


5. Discussion/Summary

Rodolfo Capdevilla, Fermilab
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Threshold 
production

Boosted 
production

3. Soft Tracks

Thermal Higgsino
<latexit sha1_base64="Atik00Kw3WnrEnL1MTR4FIUxAzE=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFcSEhU1GVRQZcV7AOaUCbTm3boTBJmJkIJXbnxV9y4UMSt3+DOv3H6WGjrgQuHc+7l3nvClDOlXffbmptfWFxaLqwUV9fWNzbtre2aSjJJoUoTnshGSBRwFkNVM82hkUogIuRQD3tXQ7/+AFKxJL7X/RQCQToxixgl2kgte8+/Bq4JFthXTGDXOfGPcO5LgW+gNmjZJddxR8CzxJuQEpqg0rK//HZCMwGxppwo1fTcVAc5kZpRDoOinylICe2RDjQNjYkAFeSjNwb4wChtHCXSVKzxSP09kROhVF+EplMQ3VXT3lD8z2tmOroIchanmYaYjhdFGcc6wcNMcJtJoJr3DSFUMnMrpl0iCdUmuaIJwZt+eZbUjh3vzHHvTkvly0kcBbSL9tEh8tA5KqNbVEFVRNEjekav6M16sl6sd+tj3DpnTWZ20B9Ynz9IqJcY</latexit>

�m ⇠ 0.3GeVVery small gap!
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3. Soft Tracks

Much larger boosts 
at MuC10

More events near 
threshold at MuC3

Thermal Higgsino
<latexit sha1_base64="Atik00Kw3WnrEnL1MTR4FIUxAzE=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFcSEhU1GVRQZcV7AOaUCbTm3boTBJmJkIJXbnxV9y4UMSt3+DOv3H6WGjrgQuHc+7l3nvClDOlXffbmptfWFxaLqwUV9fWNzbtre2aSjJJoUoTnshGSBRwFkNVM82hkUogIuRQD3tXQ7/+AFKxJL7X/RQCQToxixgl2kgte8+/Bq4JFthXTGDXOfGPcO5LgW+gNmjZJddxR8CzxJuQEpqg0rK//HZCMwGxppwo1fTcVAc5kZpRDoOinylICe2RDjQNjYkAFeSjNwb4wChtHCXSVKzxSP09kROhVF+EplMQ3VXT3lD8z2tmOroIchanmYaYjhdFGcc6wcNMcJtJoJr3DSFUMnMrpl0iCdUmuaIJwZt+eZbUjh3vzHHvTkvly0kcBbSL9tEh8tA5KqNbVEFVRNEjekav6M16sl6sd+tj3DpnTWZ20B9Ynz9IqJcY</latexit>

�m ⇠ 0.3GeV

Full Luminosity
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• Definition of a ST:

3. Soft Tracks

Inner Tracker

Outer Tracker

E/H CALs

<latexit sha1_base64="wdsY5YpPYagXjw7BR98iM9e8cZ8=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4Crsi6kUIevEYwTwgu4bZyWwyZPbBTG8gLPkTLx4U8eqfePNvnCR70MSChqKqm+6uIJVCo+N8Wyura+sbm6Wt8vbO7t6+fXDY1EmmGG+wRCaqHVDNpYh5AwVK3k4Vp1EgeSsY3k391ogrLZL4Eccp9yPaj0UoGEUjdW3bwwFHSm5c58ljQrGuXXGqzgxkmbgFqUCBetf+8noJyyIeI5NU647rpOjnVKFgkk/KXqZ5StmQ9nnH0JhGXPv57PIJOTVKj4SJMhUjmam/J3IaaT2OAtMZURzoRW8q/ud1Mgyv/VzEaYY8ZvNFYSYJJmQaA+kJxRnKsSGUKWFuJWxAFWVowiqbENzFl5dJ87zqXladh4tK7baIowTHcAJn4MIV1OAe6tAABiN4hld4s3LrxXq3PuatK1YxcwR/YH3+AGUKkts=</latexit>

✓ = 10�

<latexit sha1_base64="MQlqB8vxQjXEpkjDb9Pdh1xVU48=">AAAB+XicbVDJSgNBEK2JW4zbqEcvjUHwFGZEXA5C0IvHCGaBzBh6Op2kSc9Cd00gDPkTLx4U8eqfePNv7CRz0MQHBY/3qqiqFyRSaHScb6uwsrq2vlHcLG1t7+zu2fsHDR2nivE6i2WsWgHVXIqI11Gg5K1EcRoGkjeD4d3Ub4640iKOHnGccD+k/Uj0BKNopI5tezjgSMnNtfPkMaFYxy47FWcGskzcnJQhR61jf3ndmKUhj5BJqnXbdRL0M6pQMMknJS/VPKFsSPu8bWhEQ679bHb5hJwYpUt6sTIVIZmpvycyGmo9DgPTGVIc6EVvKv7ntVPsXfmZiJIUecTmi3qpJBiTaQykKxRnKMeGUKaEuZWwAVWUoQmrZEJwF19eJo2zintRcR7Oy9XbPI4iHMExnIILl1CFe6hBHRiM4Ble4c3KrBfr3fqYtxasfOYQ/sD6/AFxYpLj</latexit>

✓ = 90�

VX

We are looking for 
~GeV tracks with at 

least 6 hits
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• Definition of a ST:

3. Soft Tracks
Thermal Higgsino

<latexit sha1_base64="OhNDLytlZj+xbkWGZxNjCw+H5+I=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXMgwo6IuXBRd6LJCX9AZhkyaaUOTzJBkhDLUjb/ixoUibv0Ld/6N6WOhrQfu5XDOvST3RCmjSrvut1VYWFxaXimultbWNza37O2dhkoyiUkdJyyRrQgpwqggdU01I61UEsQjRppR/2bkNx+IVDQRNT1IScBRV9CYYqSNFNp7ruPBK5iGNdNP/ePclxzeksYwtMuu444B54k3JWUwRTW0v/xOgjNOhMYMKdX23FQHOZKaYkaGJT9TJEW4j7qkbahAnKggH18whIdG6cA4kaaEhmP190aOuFIDHplJjnRPzXoj8T+vnen4MsipSDNNBJ48FGcM6gSO4oAdKgnWbGAIwpKav0LcQxJhbUIrmRC82ZPnSePE8c4d9/6sXLmexlEE++AAHAEPXIAKuANVUAcYPIJn8ArerCfrxXq3PiajBWu6swv+wPr8AXMDlFo=</latexit>

0.1 < pT < 3GeV

<latexit sha1_base64="/SoEEIfVpzgNS0SWJWiY9zYArtg=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY/FXrwIFewHtEvJptk2NMmuSVYoS/+EFw+KePXvePPfmG33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjOuZ336iSrNIPphJTH2Bh5KFjGBjpU5PCXSX1M/75YpbdWdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nd07RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx47adMxomhkswXhQlHJkLZ82jAFCWGTyzBRDF7KyIjrDAxNqKSDcFbfHmZtM6q3mXVvb+o1G7yOIpwBMdwCh5cQQ1uoQFNIMDhGV7hzXl0Xpx352PeWnDymUP4A+fzByVhj2I=</latexit>

MuC3
<latexit sha1_base64="NrITpDyb9ifu4+gHiQWUvzRnK4Y=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKqMdiL16ECvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aPXBwOO9GWbmhYngxmL85RVWVtfWN4qbpa3tnd298v5By8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wXJ/57UemDY/VvZ0kLJBkqHjEKbFOeuhpiW7Tuo/75Qqu4jnQX+LnpAI5Gv3yZ28Q01QyZakgxnR9nNggI9pyKti01EsNSwgdkyHrOqqIZCbI5gdP0YlTBiiKtStl0Vz9OZERacxEhq5TEjsyy95M/M/rpja6CjKuktQyRReLolQgG6PZ92jANaNWTBwhVHN3K6Ijogm1LqOSC8FffvkvaZ1V/Ysqvjuv1K7zOIpwBMdwCj5cQg1uoAFNoCDhCV7g1dPes/fmvS9aC14+cwi/4H18A5Kcj5o=</latexit>

MuC10

<latexit sha1_base64="gWam+qHC3g7ISpUCeMStSAoeHL0=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJoYoShICBoYIBxiL1JTVR5LhOa9V2IttBqqIuLPwKCwMIsfIPbPwN7mOAliPdq6Nz7pV9T5QyqrTrfluFpeWV1bXiemljc2t7x97da6okk5g0cMIS2Y6QIowK0tBUM9JOJUE8YqQVDW7GfuuBSEUTUdfDlAQc9QSNKUbaSKF96DoevIJpWDfd8yt+Jfclh7ekOfIroV12HXcCuEi8GSmDGWqh/eV3E5xxIjRmSKmO56Y6yJHUFDMyKvmZIinCA9QjHUMF4kQF+eSKETw2ShfGiTQlNJyovzdyxJUa8shMcqT7at4bi/95nUzHl0FORZppIvD0oThjUCdwHAnsUkmwZkNDEJbU/BXiPpIIaxNcyYTgzZ+8SJqnjnfuuPdn5er1LI4iOABH4AR44AJUwR2ogQbA4BE8g1fwZj1ZL9a79TEdLViznX3wB9bnD7vZlZA=</latexit>

0.1 < pT < 1 GeV

<latexit sha1_base64="aJHlDKPn5mv9minWqK2i60MhD2Y=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJiHXhoujGZQV7gSaWyXTSDp1MwsyJUEJXbnwVNy4UceszuPNtnLZZaOsPAx//OYcz5w8SwTU4zrdVWFpeWV0rrpc2Nre2d+zdvaaOU0VZg8YiVu2AaCa4ZA3gIFg7UYxEgWCtYHg9qbcemNI8lncwSpgfkb7kIacEjNW1D13n3qNcUXyJPRgwIAbcam527bJTcabCi+DmUEa56l37y+vFNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOQUkipv1sesYYHxunh8NYmScBT93fExmJtB5FgemMCAz0fG1i/lfrpBBe+BmXSQpM0tmiMBUYYjzJBPe4YhTEyAChipu/YjogilAwyZVMCO78yYvQPK245xXn9qxcu8rjKKIDdIROkIuqqIZuUB01EEWP6Bm9ojfryXqx3q2PWWvBymf20R9Znz//JJbr</latexit>

10� < ✓ < 170�

<latexit sha1_base64="5RVAXlLDN5nHMNAt/YrzxtRgHas=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBhZQZEXVZdOOyYl/QGUomzbShmWRIMkIt/RI3LhRx66e4829M21lo64ELh3PuTe49UcqZNp737aysrq1vbBa2its7u3sld/+gqWWmCG0QyaVqR1hTzgRtGGY4baeK4iTitBUNb6d+65EqzaSom1FKwwT3BYsZwcZKXbcUqAQ9yNgEZ3WFybDrlr2KNwNaJn5OypCj1nW/gp4kWUKFIRxr3fG91IRjrAwjnE6KQaZpah/GfdqxVOCE6nA8W3yCTqzSQ7FUtoRBM/X3xBgnWo+SyHYm2Az0ojcV//M6mYmvwzETaWaoIPOP4owjI9E0BdRjihLDR5ZgopjdFZEBtgEYm1XRhuAvnrxMmucV/7Li3V+Uqzd5HAU4gmM4BR+uoAp3UIMGEMjgGV7hzXlyXpx352PeuuLkM4fwB87nDxj1kro=</latexit>

SoftTrack

<latexit sha1_base64="0awBm9w0XRSusiIJaEx5ORARwBI=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RzAM2S5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFqeAWfP/bK62tb2xulbcrO7t7+wfVw6O21ZmhrEW10KYbE8sEV6wFHATrpoYRGQvWicd3M7/zxIzlWj3CJGWRJEPFE04JOCnsGYmbIw1a2X615tf9OfAqCQpSQwWa/epXb6BpJpkCKoi1YeCnEOXEAKeCTSu9zLKU0DEZstBRRSSzUT4/eYrPnDLAiTauFOC5+nsiJ9LaiYxdpyQwssveTPzPCzNIbqKcqzQDpuhiUZIJDBrP/scDbhgFMXGEUMPdrZiOiCEUXEoVF0Kw/PIqaV/Ug6u6/3BZa9wWcZTRCTpF5yhA16iB7lETtRBFGj2jV/TmgffivXsfi9aSV8wcoz/wPn8AMf+RMw==</latexit>

Photons

<latexit sha1_base64="OJNg5aWqG9XyStsbHs91Zfo4Qd0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISURUVdSdKHLCn1BE8JketsOnUnCzESoofgrblwo4tb/cOffOG2z0NYDFw7n3Mu994QJZ0o7zre1sLi0vLJaWCuub2xubds7uw0Vp5JCncY8lq2QKOAsgrpmmkMrkUBEyKEZDm7GfvMBpGJxVNPDBHxBehHrMkq0kQJ7Pwlq+Aq7jneCM08KfAuNUWCXnLIzAZ4nbk5KKEc1sL+8TkxTAZGmnCjVdp1E+xmRmlEOo6KXKkgIHZAetA2NiADlZ5PrR/jIKB3cjaWpSOOJ+nsiI0KpoQhNpyC6r2a9sfif105199LPWJSkGiI6XdRNOdYxHkeBO0wC1XxoCKGSmVsx7RNJqDaBFU0I7uzL86RxWnbPy879WalyncdRQAfoEB0jF12gCrpDVVRHFD2iZ/SK3qwn68V6tz6mrQtWPrOH/sD6/AG03JN3</latexit>

pT > 10GeV

<latexit sha1_base64="aJHlDKPn5mv9minWqK2i60MhD2Y=">AAACBnicbZDLSsNAFIYn9VbrLepShMEiuCqJiHXhoujGZQV7gSaWyXTSDp1MwsyJUEJXbnwVNy4UceszuPNtnLZZaOsPAx//OYcz5w8SwTU4zrdVWFpeWV0rrpc2Nre2d+zdvaaOU0VZg8YiVu2AaCa4ZA3gIFg7UYxEgWCtYHg9qbcemNI8lncwSpgfkb7kIacEjNW1D13n3qNcUXyJPRgwIAbcam527bJTcabCi+DmUEa56l37y+vFNI2YBCqI1h3XScDPiAJOBRuXvFSzhNAh6bOOQUkipv1sesYYHxunh8NYmScBT93fExmJtB5FgemMCAz0fG1i/lfrpBBe+BmXSQpM0tmiMBUYYjzJBPe4YhTEyAChipu/YjogilAwyZVMCO78yYvQPK245xXn9qxcu8rjKKIDdIROkIuqqIZuUB01EEWP6Bm9ojfryXqx3q2PWWvBymf20R9Znz//JJbr</latexit>

10� < ✓ < 170�
VX

<latexit sha1_base64="rCyEneSJrLkmPElekrJhD71MZl4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBymJiHoseulJKtgPaELZbKft0s0m7G4KIdS/4sWDIl79Id78N27bHLT1wcDjvRlm5gUxZ0o7zrdVWFvf2Nwqbpd2dvf2D+zDo5aKEkmhSSMeyU5AFHAmoKmZ5tCJJZAw4NAOxnczvz0BqVgkHnUagx+SoWADRok2Us8uezLEdSCT1Du/h0RLwlXPrjhVZw68StycVFCORs/+8voRTUIQmnKiVNd1Yu1nRGpGOUxLXqIgJnRMhtA1VJAQlJ/Nj5/iU6P08SCSpoTGc/X3REZCpdIwMJ0h0SO17M3E/7xuogc3fsZEnGgQdLFokHCsIzxLAveZBKp5agihkplbMR0RSag2eZVMCO7yy6ukdVF1r6rOw2WldpvHUUTH6ASdIRddoxqqowZqIopS9Ixe0Zv1ZL1Y79bHorVg5TNl9AfW5w9j0JSc</latexit>

HeavyNeutrals

<latexit sha1_base64="3AiAeJWZ5sd2dPbWggWz/SPC+bs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBymJiHqSoogeK9gPaELZbKft0t0k7G7EEvJXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCDmTGnH+bYKS8srq2vF9dLG5tb2jr1bbqookRQaNOKRbAdEAWchNDTTHNqxBCICDq1gdD3xW48gFYvCBz2OwRdkELI+o0QbqWuXb/Aldh3vGKeeFPgWmlnXrjhVZwq8SNycVFCOetf+8noRTQSEmnKiVMd1Yu2nRGpGOWQlL1EQEzoiA+gYGhIByk+nt2f40Cg93I+kqVDjqfp7IiVCqbEITKcgeqjmvYn4n9dJdP/CT1kYJxpCOlvUTzjWEZ4EgXtMAtV8bAihkplbMR0SSag2cZVMCO78y4ukeVJ1z6rO/WmldpXHUUT76AAdIRedoxq6Q3XUQBQ9oWf0it6szHqx3q2PWWvBymf20B9Ynz8KDJKF</latexit>

E > 10GeV

A priori

<latexit sha1_base64="CE/pzZyOH+u8JqyvP86yOxoXklM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDbbSbt0s4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZqd1GIh24S9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2b3TsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMps+TPlfIjBhbQpni9lbChlRRZmxEJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBAwDO8wpvz6Lw4787HvLXg5DOH8AfO5w8Ub4//</latexit>

`±
<latexit sha1_base64="Z49AqeU1YkAhs959+iWUdROG7eo=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMh81hmZoWw5Bu8eFDEqx/kzb9xkuxBEwsaiqpuurvilDNjff/bW1ldW9/YLG2Vt3d29/YrB4dNozJNaEgUV7odY0M5kzS0zHLaTjXFIua0FY9up37riWrDlHyw45RGAg8kSxjB1knh8LGbil6l6tf8GdAyCQpShQKNXuWr21ckE1RawrExncBPbZRjbRnhdFLuZoammIzwgHYclVhQE+WzYyfo1Cl9lCjtSlo0U39P5FgYMxax6xTYDs2iNxX/8zqZTa6jnMk0s1SS+aIk48gqNP0c9ZmmxPKxI5ho5m5FZIg1JtblU3YhBIsvL5PmeS24rPn3F9X6TRFHCY7hBM4ggCuowx00IAQCDJ7hFd486b14797HvHXFK2aO4A+8zx/QJo6w</latexit>

h±(Leptons) (Hadrons)
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• Signal Regions:

1-2 ST

1 ST

3. Soft Tracks
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• Signal Regions:

3. Soft Tracks

Thermal Higgsino

MuC 3 TeV MuC 10 TeV

About 1k signal events 
in this signal region
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• Backgrounds: BIB

3. Soft Tracks Sestini and Casarsa

Central angular 
region: 

Small probability of 
missing a track 

immersed in the BIB

Forward/backward 
angular regions: 

Large probability of 
missing a track 

immersed in the BIB

C. Accettura et al., Eur. Phys. J. C 83 (2023) 9, 864
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• Backgrounds: BIB

3. Soft Tracks Sestini and Casarsa

The BIB wants to be 
forward/backward

The signal wants to 
be central

BIB

Signal
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• Backgrounds:

3. Soft Tracks

Dominant backgrounds!

Large energy loss in 
the forward region!
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3. Soft Tracks

Inner Tracker

Outer Tracker

E/H CALs

<latexit sha1_base64="wdsY5YpPYagXjw7BR98iM9e8cZ8=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4Crsi6kUIevEYwTwgu4bZyWwyZPbBTG8gLPkTLx4U8eqfePNvnCR70MSChqKqm+6uIJVCo+N8Wyura+sbm6Wt8vbO7t6+fXDY1EmmGG+wRCaqHVDNpYh5AwVK3k4Vp1EgeSsY3k391ogrLZL4Eccp9yPaj0UoGEUjdW3bwwFHSm5c58ljQrGuXXGqzgxkmbgFqUCBetf+8noJyyIeI5NU647rpOjnVKFgkk/KXqZ5StmQ9nnH0JhGXPv57PIJOTVKj4SJMhUjmam/J3IaaT2OAtMZURzoRW8q/ud1Mgyv/VzEaYY8ZvNFYSYJJmQaA+kJxRnKsSGUKWFuJWxAFWVowiqbENzFl5dJ87zqXladh4tK7baIowTHcAJn4MIV1OAe6tAABiN4hld4s3LrxXq3PuatK1YxcwR/YH3+AGUKkts=</latexit>

✓ = 10�VX

• Backgrounds:

Good luck! 

Signal events like to 
be central

<latexit sha1_base64="wdsY5YpPYagXjw7BR98iM9e8cZ8=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4Crsi6kUIevEYwTwgu4bZyWwyZPbBTG8gLPkTLx4U8eqfePNvnCR70MSChqKqm+6uIJVCo+N8Wyura+sbm6Wt8vbO7t6+fXDY1EmmGG+wRCaqHVDNpYh5AwVK3k4Vp1EgeSsY3k391ogrLZL4Eccp9yPaj0UoGEUjdW3bwwFHSm5c58ljQrGuXXGqzgxkmbgFqUCBetf+8noJyyIeI5NU647rpOjnVKFgkk/KXqZ5StmQ9nnH0JhGXPv57PIJOTVKj4SJMhUjmam/J3IaaT2OAtMZURzoRW8q/ud1Mgyv/VzEaYY8ZvNFYSYJJmQaA+kJxRnKsSGUKWFuJWxAFWVowiqbENzFl5dJ87zqXladh4tK7baIowTHcAJn4MIV1OAe6tAABiN4hld4s3LrxXq3PuatK1YxcwR/YH3+AGUKkts=</latexit>

✓ = 10�
<latexit sha1_base64="wdsY5YpPYagXjw7BR98iM9e8cZ8=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4Crsi6kUIevEYwTwgu4bZyWwyZPbBTG8gLPkTLx4U8eqfePNvnCR70MSChqKqm+6uIJVCo+N8Wyura+sbm6Wt8vbO7t6+fXDY1EmmGG+wRCaqHVDNpYh5AwVK3k4Vp1EgeSsY3k391ogrLZL4Eccp9yPaj0UoGEUjdW3bwwFHSm5c58ljQrGuXXGqzgxkmbgFqUCBetf+8noJyyIeI5 NU647rpOjnVKFgkk/KXqZ5StmQ9nnH0JhGXPv57PIJOTVKj4SJMhUjmam/J3IaaT2OAtMZURzoRW8q/ud1Mgyv/VzEaYY8ZvNFYSYJJmQaA+kJxRnKsSGUKWFuJWxAFWVowiqbENzFl5dJ87zqXladh4tK7baIowTHcAJn4MIV1OAe6tAABiN4hld4s3LrxXq3PuatK1YxcwR/YH3+AGUKkts=</latexit>

✓ = 10�

   

N. of Higgsino ST
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3. Soft Tracks

Inner Tracker

Outer Tracker

E/H CALs

<latexit sha1_base64="wdsY5YpPYagXjw7BR98iM9e8cZ8=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4Crsi6kUIevEYwTwgu4bZyWwyZPbBTG8gLPkTLx4U8eqfePNvnCR70MSChqKqm+6uIJVCo+N8Wyura+sbm6Wt8vbO7t6+fXDY1EmmGG+wRCaqHVDNpYh5AwVK3k4Vp1EgeSsY3k391ogrLZL4Eccp9yPaj0UoGEUjdW3bwwFHSm5c58ljQrGuXXGqzgxkmbgFqUCBetf+8noJyyIeI5NU647rpOjnVKFgkk/KXqZ5StmQ9nnH0JhGXPv57PIJOTVKj4SJMhUjmam/J3IaaT2OAtMZURzoRW8q/ud1Mgyv/VzEaYY8ZvNFYSYJJmQaA+kJxRnKsSGUKWFuJWxAFWVowiqbENzFl5dJ87zqXladh4tK7baIowTHcAJn4MIV1OAe6tAABiN4hld4s3LrxXq3PuatK1YxcwR/YH3+AGUKkts=</latexit>

✓ = 10�VX

• Backgrounds:

N. of Higgsino ST

<latexit sha1_base64="wdsY5YpPYagXjw7BR98iM9e8cZ8=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4Crsi6kUIevEYwTwgu4bZyWwyZPbBTG8gLPkTLx4U8eqfePNvnCR70MSChqKqm+6uIJVCo+N8Wyura+sbm6Wt8vbO7t6+fXDY1EmmGG+wRCaqHVDNpYh5AwVK3k4Vp1EgeSsY3k391ogrLZL4Eccp9yPaj0UoGEUjdW3bwwFHSm5c58ljQrGuXXGqzgxkmbgFqUCBetf+8noJyyIeI5NU647rpOjnVKFgkk/KXqZ5StmQ9nnH0JhGXPv57PIJOTVKj4SJMhUjmam/J3IaaT2OAtMZURzoRW8q/ud1Mgyv/VzEaYY8ZvNFYSYJJmQaA+kJxRnKsSGUKWFuJWxAFWVowiqbENzFl5dJ87zqXladh4tK7baIowTHcAJn4MIV1OAe6tAABiN4hld4s3LrxXq3PuatK1YxcwR/YH3+AGUKkts=</latexit>

✓ = 10�
<latexit sha1_base64="wdsY5YpPYagXjw7BR98iM9e8cZ8=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4Crsi6kUIevEYwTwgu4bZyWwyZPbBTG8gLPkTLx4U8eqfePNvnCR70MSChqKqm+6uIJVCo+N8Wyura+sbm6Wt8vbO7t6+fXDY1EmmGG+wRCaqHVDNpYh5AwVK3k4Vp1EgeSsY3k391ogrLZL4Eccp9yPaj0UoGEUjdW3bwwFHSm5c58ljQrGuXXGqzgxkmbgFqUCBetf+8noJyyIeI5 NU647rpOjnVKFgkk/KXqZ5StmQ9nnH0JhGXPv57PIJOTVKj4SJMhUjmam/J3IaaT2OAtMZURzoRW8q/ud1Mgyv/VzEaYY8ZvNFYSYJJmQaA+kJxRnKsSGUKWFuJWxAFWVowiqbENzFl5dJ87zqXladh4tK7baIowTHcAJn4MIV1OAe6tAABiN4hld4s3LrxXq3PuatK1YxcwR/YH3+AGUKkts=</latexit>

✓ = 10�

   

Bad luck! 

The signal region 
with more events is 
overwhelmed by the 

background!

N. of tau ST
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3. Soft Tracks

• Backgrounds:
Inner Tracker

Outer Tracker

E/H CALs

<latexit sha1_base64="wdsY5YpPYagXjw7BR98iM9e8cZ8=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4Crsi6kUIevEYwTwgu4bZyWwyZPbBTG8gLPkTLx4U8eqfePNvnCR70MSChqKqm+6uIJVCo+N8Wyura+sbm6Wt8vbO7t6+fXDY1EmmGG+wRCaqHVDNpYh5AwVK3k4Vp1EgeSsY3k391ogrLZL4Eccp9yPaj0UoGEUjdW3bwwFHSm5c58ljQrGuXXGqzgxkmbgFqUCBetf+8noJyyIeI5NU647rpOjnVKFgkk/KXqZ5StmQ9nnH0JhGXPv57PIJOTVKj4SJMhUjmam/J3IaaT2OAtMZURzoRW8q/ud1Mgyv/VzEaYY8ZvNFYSYJJmQaA+kJxRnKsSGUKWFuJWxAFWVowiqbENzFl5dJ87zqXladh4tK7baIowTHcAJn4MIV1OAe6tAABiN4hld4s3LrxXq3PuatK1YxcwR/YH3+AGUKkts=</latexit>

✓ = 10�VX

Good luck! 

The photon in the event 
pushes the ST candidates 
out of the acceptance!!!

N. of Higgsino ST
N. of tau ST
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1. Introduction


• Pillars of the Energy Frontier


• MuC strong candidate for both


2. Minimal WIMPs


• Properties


• Projections
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3. Soft Tracks


• Signal Regions


• Background Determination


4. Results 

• The Importance of the 3TeV MuC! 

5. Discussion/Summary

Rodolfo Capdevilla, Fermilab
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• The Importance of the 3TeV Collider:

4. Results

3 TeV

Signal region: 
2 ST + 1 gamma 
0.3 < pT < 1 GeV

Vetoes: 
Hard tracks 

Heavy neutrals

Photon pT above 
20 GeV

Fakes: 

Pairs of ST along with 
an uncorrelated photon 

Random ECAL hits 
from the BIB that can 

mimic a photon
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• Projections:

The thermal target will 
be discovered!

Updated results from 
Federico Meloni’s 

Disappearing Tracks

4. Results
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3. Soft Tracks


• Signal Regions


• Background Determination


4. Results


• The Importance of the 3TeV MuC!


5. Discussion/Summary

Rodolfo Capdevilla, Fermilab
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5. Discussion

<latexit sha1_base64="o3xRXxJnFd79HtLsV3gizGAVQWg=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VihX9DGstlO2qW7SdjdKCX0f3jxoIhX/4s3/43bNgdtfTDweG+GmXlBIrg2rvvtrKyurW9sFraK2zu7e/ulg8OmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCka3U7/1iErzOKqbcYK+pIOIh5xRY6WHruaSeKSrJKljs1cquxV3BrJMvJyUIUetV/rq9mOWSowME1Trjucmxs+oMpwJnBS7qcaEshEdYMfSiErUfja7ekJOrdInYaxsRYbM1N8TGZVaj2VgOyU1Q73oTcX/vE5qwms/41GSGozYfFGYCmJiMo2A9LlCZsTYEsoUt7cSNqSKMmODKtoQvMWXl0nzvOJdVtz7i3L1Jo+jAMdwAmfgwRVU4Q5q0AAGCp7hFd6cJ+fFeXc+5q0rTj5zBH/gfP4AApaRiw==</latexit>

⇠ 1TeV
<latexit sha1_base64="SseFvj/Y4Z7NsxCd+lrxX38YchU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoioh6LXjxWaGuhCWWznbRLdzdhdyPU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/ar7sFhRyeZotCmCU9UNyIaOJPQNsxw6KYKiIg4PETj25n/8AhKs0S2zCSFUJChZDGjxFip71YDzQT2PRwogVvQ6bs1r+7NgVeJX5AaKtDsu1/BIKGZAGkoJ1r3fC81YU6UYZTDtBJkGlJCx2QIPUslEaDDfH74FJ9aZYDjRNmSBs/V3xM5EVpPRGQ7BTEjvezNxP+8Xmbi6zBnMs0MSLpYFGccmwTPUsADpoAaPrGEUMXsrZiOiCLU2KwqNgR/+eVV0jmv+5d17/6i1rgp4iijY3SCzpCPrlAD3aEmaiOKMvSMXtGb8+S8OO/Ox6K15BQzR+gPnM8f63+R9g==</latexit>

⇠ 10TeV
<latexit sha1_base64="JQck/xopQM71yJqQwYNpRkEQSrw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKu+DoGvXiMkBdklzA76U2GzMwuM7NCDPkSLx4U8eqnePNvnCR70MSChqKqm+6uKOVMG8/7dgpr6xubW8Xt0s7u3n7ZPThs6SRTFJo04YnqREQDZxKahhkOnVQBERGHdjS6m/ntR1CaJbJhximEggwkixklxko9txxoJvClhwMlcANaPbfiVb058Crxc1JBOeo99yvoJzQTIA3lROuu76UmnBBlGOUwLQWZhpTQERlA11JJBOhwMj98ik+t0sdxomxJg+fq74kJEVqPRWQ7BTFDvezNxP+8bmbim3DCZJoZkHSxKM44NgmepYD7TAE1fGwJoYrZWzEdEkWosVmVbAj+8surpHVe9a+q3sNFpXabx1FEx+gEnSEfXaMaukd11EQUZegZvaI358l5cd6dj0VrwclnjtAfOJ8/8bOR+g==</latexit>

⇠ 50TeV

<latexit sha1_base64="W4IQKFr4oqDARALV2aiLu0oWv7Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiixv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD7e+NBQ==</latexit>

|
<latexit sha1_base64="W4IQKFr4oqDARALV2aiLu0oWv7Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiixv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD7e+NBQ==</latexit>

|
<latexit sha1_base64="W4IQKFr4oqDARALV2aiLu0oWv7Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiixv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD7e+NBQ==</latexit>

|

• Minimal WIMPs:

2-blet (Higgsino)

3-plet (Wino)

5-plet

7-plet100%

100%

100%

100%

Thermal targets! 

They provide 100% of the DM
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5. Discussion
• Minimal WIMPs:

Thermal target!

We typically study arbitrary 
masses and lifetimes

This is great, the projections can be used in the context of 
model that might not have anything to do with DM 
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5. Discussion
• Minimal WIMPs:

<latexit sha1_base64="RGffS/RASYq2C50kOOb0o+SvXu0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIerPoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUv+mVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAi fFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uZxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPkXuMyA==</latexit>

?
<latexit sha1_base64="W4IQKFr4oqDARALV2aiLu0oWv7Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiixv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD7e+NBQ==</latexit>

|
<latexit sha1_base64="4M20NigQjhXjEKLi41LqUHy5MOo=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GMF+wFNLJvttF26m4TdjVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJoJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqhVSj4BHWDTcCW4lCKkOBzXB4PfGbj6g0j6N7M0owkLQf8R5n1FjpwddcEo/4SpIbbHRKZbfiTkEWiZeTMuSodUpffjdmqcTIMEG1bntuYoKMKsOZwHHRTzUmlA1pH9uWRlSiDrLp1WNybJUu6cXKVmTIVP09kVGp9UiGtlNSM9Dz3kT8z2unpncZZDxKUoMRmy3qpYKYmEwiIF2ukBkxsoQyxe2thA2ooszYoIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiFGtSBgYJneIU358l5cd6dj1nrkpPPHMAfOJ8/7rmRfg==</latexit>

⇠ 1GeV
<latexit sha1_base64="o3xRXxJnFd79HtLsV3gizGAVQWg=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VihX9DGstlO2qW7SdjdKCX0f3jxoIhX/4s3/43bNgdtfTDweG+GmXlBIrg2rvvtrKyurW9sFraK2zu7e/ulg8OmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCka3U7/1iErzOKqbcYK+pIOIh5xRY6WHruaSeKSrJKljs1cquxV3BrJMvJyUIUetV/rq9mOWSowME1Trjucmxs+oMpwJnBS7qcaEshEdYMfSiErUfja7ekJOrdInYaxsRYbM1N8TGZVaj2VgOyU1Q73oTcX/vE5qwms/41GSGozYfFGYCmJiMo2A9LlCZsTYEsoUt7cSNqSKMmODKtoQvMWXl0nzvOJdVtz7i3L1Jo+jAMdwAmfgwRVU4Q5q0AAGCp7hFd6cJ+fFeXc+5q0rTj5zBH/gfP4AApaRiw==</latexit>

⇠ 1TeV
<latexit sha1_base64="SseFvj/Y4Z7NsxCd+lrxX38YchU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoioh6LXjxWaGuhCWWznbRLdzdhdyPU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/ar7sFhRyeZotCmCU9UNyIaOJPQNsxw6KYKiIg4PETj25n/8AhKs0S2zCSFUJChZDGjxFip71YDzQT2PRwogVvQ6bs1r+7NgVeJX5AaKtDsu1/BIKGZAGkoJ1r3fC81YU6UYZTDtBJkGlJCx2QIPUslEaDDfH74FJ9aZYDjRNmSBs/V3xM5EVpPRGQ7BTEjvezNxP+8Xmbi6zBnMs0MSLpYFGccmwTPUsADpoAaPrGEUMXsrZiOiCLU2KwqNgR/+eVV0jmv+5d17/6i1rgp4iijY3SCzpCPrlAD3aEmaiOKMvSMXtGb8+S8OO/Ox6K15BQzR+gPnM8f63+R9g==</latexit>

⇠ 10TeV
<latexit sha1_base64="JQck/xopQM71yJqQwYNpRkEQSrw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKu+DoGvXiMkBdklzA76U2GzMwuM7NCDPkSLx4U8eqnePNvnCR70MSChqKqm+6uKOVMG8/7dgpr6xubW8Xt0s7u3n7ZPThs6SRTFJo04YnqREQDZxKahhkOnVQBERGHdjS6m/ntR1CaJbJhximEggwkixklxko9txxoJvClhwMlcANaPbfiVb058Crxc1JBOeo99yvoJzQTIA3lROuu76UmnBBlGOUwLQWZhpTQERlA11JJBOhwMj98ik+t0sdxomxJg+fq74kJEVqPRWQ7BTFDvezNxP+8bmbim3DCZJoZkHSxKM44NgmepYD7TAE1fGwJoYrZWzEdEkWosVmVbAj+8surpHVe9a+q3sNFpXabx1FEx+gEnSEfXaMaukd11EQUZegZvaI358l5cd6dj0VrwclnjtAfOJ8/8bOR+g==</latexit>

⇠ 50TeV

<latexit sha1_base64="W4IQKFr4oqDARALV2aiLu0oWv7Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiixv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD7e+NBQ==</latexit>

|
<latexit sha1_base64="W4IQKFr4oqDARALV2aiLu0oWv7Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiixv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD7e+NBQ==</latexit>

|
<latexit sha1_base64="W4IQKFr4oqDARALV2aiLu0oWv7Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiixv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD7e+NBQ==</latexit>

|

2-blet (Higgsino)

3-plet (Wino)

5-plet

7-plet100%10%1%

100%10%1%

100%10%

100%10%
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5. Discussion

<latexit sha1_base64="RGffS/RASYq2C50kOOb0o+SvXu0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIerPoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUv+mVym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAi fFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxW3flGu3uZxFOAYTuAMPLiCKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPkXuMyA==</latexit>

?
<latexit sha1_base64="W4IQKFr4oqDARALV2aiLu0oWv7Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiixv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD7e+NBQ==</latexit>

|
<latexit sha1_base64="4M20NigQjhXjEKLi41LqUHy5MOo=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60GMF+wFNLJvttF26m4TdjVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJoJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqhVSj4BHWDTcCW4lCKkOBzXB4PfGbj6g0j6N7M0owkLQf8R5n1FjpwddcEo/4SpIbbHRKZbfiTkEWiZeTMuSodUpffjdmqcTIMEG1bntuYoKMKsOZwHHRTzUmlA1pH9uWRlSiDrLp1WNybJUu6cXKVmTIVP09kVGp9UiGtlNSM9Dz3kT8z2unpncZZDxKUoMRmy3qpYKYmEwiIF2ukBkxsoQyxe2thA2ooszYoIo2BG/+5UXSOK145xX37qxcvcrjKMAhHMEJeHABVbiFGtSBgYJneIU358l5cd6dj1nrkpPPHMAfOJ8/7rmRfg==</latexit>

⇠ 1GeV
<latexit sha1_base64="o3xRXxJnFd79HtLsV3gizGAVQWg=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VihX9DGstlO2qW7SdjdKCX0f3jxoIhX/4s3/43bNgdtfTDweG+GmXlBIrg2rvvtrKyurW9sFraK2zu7e/ulg8OmjlPFsMFiEat2QDUKHmHDcCOwnSikMhDYCka3U7/1iErzOKqbcYK+pIOIh5xRY6WHruaSeKSrJKljs1cquxV3BrJMvJyUIUetV/rq9mOWSowME1Trjucmxs+oMpwJnBS7qcaEshEdYMfSiErUfja7ekJOrdInYaxsRYbM1N8TGZVaj2VgOyU1Q73oTcX/vE5qwms/41GSGozYfFGYCmJiMo2A9LlCZsTYEsoUt7cSNqSKMmODKtoQvMWXl0nzvOJdVtz7i3L1Jo+jAMdwAmfgwRVU4Q5q0AAGCp7hFd6cJ+fFeXc+5q0rTj5zBH/gfP4AApaRiw==</latexit>

⇠ 1TeV
<latexit sha1_base64="SseFvj/Y4Z7NsxCd+lrxX38YchU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoioh6LXjxWaGuhCWWznbRLdzdhdyPU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRSln2njet1NaW9/Y3CpvV3Z29/ar7sFhRyeZotCmCU9UNyIaOJPQNsxw6KYKiIg4PETj25n/8AhKs0S2zCSFUJChZDGjxFip71YDzQT2PRwogVvQ6bs1r+7NgVeJX5AaKtDsu1/BIKGZAGkoJ1r3fC81YU6UYZTDtBJkGlJCx2QIPUslEaDDfH74FJ9aZYDjRNmSBs/V3xM5EVpPRGQ7BTEjvezNxP+8Xmbi6zBnMs0MSLpYFGccmwTPUsADpoAaPrGEUMXsrZiOiCLU2KwqNgR/+eVV0jmv+5d17/6i1rgp4iijY3SCzpCPrlAD3aEmaiOKMvSMXtGb8+S8OO/Ox6K15BQzR+gPnM8f63+R9g==</latexit>

⇠ 10TeV
<latexit sha1_base64="JQck/xopQM71yJqQwYNpRkEQSrw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKu+DoGvXiMkBdklzA76U2GzMwuM7NCDPkSLx4U8eqnePNvnCR70MSChqKqm+6uKOVMG8/7dgpr6xubW8Xt0s7u3n7ZPThs6SRTFJo04YnqREQDZxKahhkOnVQBERGHdjS6m/ntR1CaJbJhximEggwkixklxko9txxoJvClhwMlcANaPbfiVb058Crxc1JBOeo99yvoJzQTIA3lROuu76UmnBBlGOUwLQWZhpTQERlA11JJBOhwMj98ik+t0sdxomxJg+fq74kJEVqPRWQ7BTFDvezNxP+8bmbim3DCZJoZkHSxKM44NgmepYD7TAE1fGwJoYrZWzEdEkWosVmVbAj+8surpHVe9a+q3sNFpXabx1FEx+gEnSEfXaMaukd11EQUZegZvaI358l5cd6dj0VrwclnjtAfOJ8/8bOR+g==</latexit>

⇠ 50TeV

<latexit sha1_base64="W4IQKFr4oqDARALV2aiLu0oWv7Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiixv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD7e+NBQ==</latexit>

|
<latexit sha1_base64="W4IQKFr4oqDARALV2aiLu0oWv7Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiixv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD7e+NBQ==</latexit>

|
<latexit sha1_base64="W4IQKFr4oqDARALV2aiLu0oWv7Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiixv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD7e+NBQ==</latexit>

|

• Minimal WIMPs:

2-blet (Higgsino)

3-plet (Wino)

5-plet

7-plet100%10%1%

100%10%1%

100%10%

100%10%

DM Direct Detection Muon Collider Program Indirect Evidence



Summary
1. Exotic signals from motivated BSM particle candidates may have an impact on detector 

design. Theorists and Experimentalists are currently working on developing signal efficiency 
maps that would allow the HEP community to perform accurate projections for the Muon 
Collider physics program.


2. Soft Track searches will be possible at the Muon Collider. Using this technique the 3TeV 

Muon Collider has the potential of discovering the thermal Higgsino-like minimal 

WIMP. This result suggest that the 3TeV Muon collider is not only a stage to the 10TeV 

machine but it is also a powerful discovery machine.


3. The Muon Collider program (3 -> 10 TeV) will be able to discover and characterize minimal 
WIMPs. A combination of Disappearing Track and Soft Track searches will allow us to 
determine the mass of the thermal relic, as well as the mass gap between this particle and 
its companion charged state.
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Thank You!
Rodolfo Capdevilla, Fermilab


